Inhibition of adipocytes differentiation is suggested to be an important strategy for prevention and/or treatment of obesity. In our present study, Cordyceps militaris showed significant inhibitory activity on adipocyte differentiation in 3T3-L1 preadipocytes as assessed by measuring fat accumulation using Oil Red O staining. Activity-guided fractionation led to the isolation of cordycepin (1), guanosine (2) and tryptophan (3) as active compounds. All the three compounds were more effective in the prevention of early stage of adipogenesis than in lipolysis. In addition, combinational treatment of three compounds significantly increased anti-adipogenic activity.
Obesity has become a widespread issue in modern society, due to a global rise in obesity-associated problem. It is no longer considered only a cosmetic problem but associated with several pathological disorders, including diabetes, hypertension, atherosclerosis and cancer [1] . Adipose tissue is an important metabolic organ that is crucial for insulin sensitivity and energy homeostasis. Adipocyte differentiation is an important process for its function in normal condition [2] . In obesity, adipocytes undergo abnormal growth and differentiation, which result in increased numbers of fat cells storing their lipids and consequent pathological disorders [3] . Therefore, inhibition of adipocytes differentiation is suggested to be an important strategy for prevention and/or treatment of obesity [4] .
Cordyceps, also known as 'winter worm summer grass', is a well-known traditional medicine in Asian countries. It has been known as a rich source of biologically active components and used for treatment of several diseases such as cancer, fatigue, hyperglycemia and hyperlipidemia [5, 6] . Recently, favorable role of Cordyceps in the regulation of obesity has been reported [7] . However, little is known about its active components related to adipocyte differentiation.
In this study, we evaluated the anti-adipogenic activity of Cordyceps militaris (Hypocreaceae) employing 3T3-L1, a mouse preadipocyte cell line as an in vitro assay system. The n-BuOH fraction of C. militaris showed potent inhibitory activity on adipocyte differentiation at a concentration of 10 µg/mL (6.5% of differentiated control, p<0.001). Activity-guided fractionation of n-BuOH fraction resulted in the isolation of three constituents which were identified as cordycepin (1), guanosine (2) and tryptophan (3) by direct comparison of their physicochemical and spectroscopic data with those previously reported ( Figure 1 ) [8] .
The inhibitory activity of isolated compounds (1-3) on adipocyte differentiation was also evaluated in our assay system. Among the compounds isolated, guanosine (2) and tryptophan (3) showed the strong inhibitory activity, followed by cordycepin (1) ( Figure 2B ). At a concentration of 10 µg/mL, guanosine (2) and tryptophan (3) completely inhibited adipocyte differentiation as measured by fat accumulation, which was supported by microscopic observation (Figure 2A ). Adipogenic differentiation is a well-organized process, occurs in several stages [9] . Therefore, we further examined which stage of adipogenic differentiation was effectively inhibited by these compounds. During differentiation, 3T3-L1 cells were incubated with cordycepin, guanosine and tryptophan at different periods of differentiation, namely, during days 0-2, 2-4, 4-8, 0-4, 2-8 and 0-8.As shown in Figure 3A , cordycepin was most effect when treated during days 2-4, whereas guanosine and tryptophan significantly inhibited adipocyte differentiation when treated during days 0-2.However, all the compounds showed weak activity when treated during days 4-8. In addition, these compounds did not show significant effects when treated to differentiated adipocytes (data not shown).
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These results suggest that cordycepin, guanosine and tryptophan could effectively inhibit the early stage of adipocyte differentiation and might be effective in the prevention of adipogenesis but not in lipolysis.
Cordycepin is a characteristic constituent of C. militaris and diverse biological activity such as anticancer and neuroprotective activity [10, 11] . Structurally, cordycepin has same structure with adenosine except for the absence of hydroxyl group at C-3' (Figure 1 ). Adipocytes express adenosine A1 receptor and activation of adenosine A1 receptor by agonists inhibits lipolysis and enhances the lipogenesis, whereas antagonists exerts opposite action [12, 13] . Therefore, we compared the effect of cordycepin and other adenosine derivatives such as adenosine and 2'deoxyadenosine. Consistent with previous report adenosine slightly increased fat accumulation at the concentration of 10 g/mL. In addition, 2'-deoxyadenosine also failed to reduced fat accumulation. Therefore, we suppose that the absence of hydroxyl group at C-3' may play an important role in inhibitory activity of cordycepin on adipocyte differentiation, and cordycepin might act as a partial antagonist of adenosine A1 receptor, which needs to be clarified by further investigation.
Natural products are known to exert strong biological activity by additive effects of its constituents. Therefore, combinatorial effect of cordycepin, guanosine and tryptophan was investigated. Interestingly, combination of each compounds strongly increased anti-adipogenic activity ( Figure 3B ). Although each compound showed little effect at the concentration of 1 μg/mL, combination of two or three compounds showed potent inhibition on fat accumulation. These results suggest that combinational action of each compound contributes to the anti-adipogenic activity of C. militaris.
Experimental

Extraction and isolation:
Dried Cordyceps samples were provided from Rural Development Administration in November 2009.A voucher specimen (CBNU-2009-CM) has been deposited in the Herbarium of College of Pharmacy, Chungbuk National University. The powdered C. Militaris were extracted 3 times with EtOH, which yielded the total ethanolic extract. The ethanolic extract was then suspended in H 2 O and partitioned successively with n-hexane, CHCl 3 and n-BuOH. The n-BuOH fraction, which showed most potent activity, was subjected to XAD Anti-adipogenic activity of Cordyceps militaris Natural Product Communications Vol. 6 (12) 2011 1841 column chromatography with the mixture of MeOH-H 2 O (0%, 20%, 40%, 60%, 80%, 100% MeOH in H 2 O) to give 6 fractions (B1-B6).B2was subjected to column chromatography over Sephadex LH-20 with MeOH to give 9 subfractions (B21-B29). Compound 1 was obtained from B24 by recrystallization using MeOH. Compounds 2 and 3 were isolated from B24 by semipreparative HPLC eluting with MeOH-water (23:77, F=2 min/mL, Rt=7.67 and 8.65 min, respectively).
Cell culture and differentiation induction: 3T3-L1 mouse embryo fibroblasts were obtained from the American Type Culture Collection. Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) until confluence. Two days after confluence (day 0), cells were stimulated to differentiate with differentiation medium containing DMEM with 10% FBS, 0.5 mM 3-isobutyl-1-methylxanthine, 1 μg/mL insulin and 1 μM dexamethasone for 2 days (day 2). Cells were then maintained in DMEM supplemented with 10% FBS and 1 μg/mL for another 2 days (day 4), followed by culturing with DMEM with 10% FBS for an additional 4 days (day 8). All media contained 100 IU/mL penicillin and 100 μg/mL streptomycin. Cells were maintained at 37°C in a humidified atmosphere of 95% air-5% CO 2 [14] .
Oil Red O staining: Lipid droplets in cells were stained with Oil Red O. Eight days after differentiation induction, cells were washed three times with PBS and fixed with 10% formalin at room temperature for 1 hr. After fixation, cells were washed twice with PBS and stained with freshly diluted Oil Red O solution (3 parts of 0.6% Oil Red O in isopropyl alcohol and 2 parts of water) for 15 min. Cells were then washed twice with water and visualized. For quantitative analysis, Oil Red O staining was dissolved with isopropyl alcohol and optical density was measured at 550 nm by ELISA plate reader [14] .
Statistical analysis:
The evaluation of statistical significance was determined by one-way ANOVA test with a value of p<0.05 or less considered to be statistically significant.
